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@ PolyoxazoHdone powder coating compositions. 



(si) Powder coating compositions comprise epoxy* 
terminated polyoxazoiidone resins prepared by reacting a 
diepoxide and a diisocyanate in amounts which provide a 
ratio of epoxide equivalents to isocyanate equivalents from 
10:1 to 1.1:1, and curing agents. The polyoxazolidones have 
an epoxy equivalent weight from 250 to 4000. Such polyox- 
azolidones can be used alone or in combination with 

conventional epoxy resins and- have comparatively high- 

glass transition temperatures and provide coatings of im- 
proved resistance to cathodic disbondment 
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PgiYQXAZCLIDCNE PCM3ER CC^TING OOMPOSITIOOS 

This invention relates to thermosetting powder coating 
conpositions whic±i have desirable handling characteristics and which 
provide siiDstrate coatings having a well balanced conibination of 
practical physical properties. 

Powder coating conpositions (powder paints) have long been 
toown as pollution-free, energy-saving, resovcrce-saving and 
labour-saving products. Thermosetting powder coating conpositions 
must have glass transition ten^^eratures higfi enough to prevent 
individual particles in such conpositions from sintering or fusing 
during transportation and storage. The resins employed in such powder 
coating conpositions cilso mast have a melt viscosity low enoi^h to 
permit formation of a smooth continuous film with good adhesion to the 
substrate being ^coated, Furthennore, coatirrfs formed from suzh 
compositions must have acceptable physical properties suc^ as toisg^iness 
and iixpact resistance and must possess high heat and chemical 
resistance. 

Low molecular weight epoxy resins have traditionally been 
employed in thermosetting powder coating compositions. Sadti epoxy 
resins can possess the required glass transition tenperature, melt 
viscosity and coating-forming characteristics for use in products of 
this type. There is, however, a continuing need to develop additimal 
types of powder coating compositions formulated fxcm particular 
epoxide-containijig resins materials which also have desirably hi^ 
glass transition tesperatures and melt viscosities and whidi form 
coatings of isproved adhesion to substrates to be coated. 

The present invention provides thermosetting polymer powder 
coating conpositions in the form of particles having a size of to 
300 microns, ccMiprising 

(A) -an epoxy-terminated polyoocazolidone resin which is the 
reaction product of a diepoxide and a diisocyanate in whicii 
the ratio of epoxide equivalents to isocyanate equivalents 



- 2 - 0133575 

provided by the diepoxide an3 diisocyanate reactants is from 
10:1 to 1.1:1, the polyojozolidone resin havirg an epoxy 
equivalent weight from 250 to 4000; aixi 

(B) a curing agent for the epoxj^teminated poJyo^azolidone 
resin. 

Although coating canpositions comprising epoxy-tenninated 
polyo:cazolidone resins have previously been described, fcr e«mnle in 
U.S. Patents 3,334,110 a«3 4,066,628, coatings derived from* such 
compositions have been ^plied only fran solution. 

lioxy-tenninated polyoxazolidone resins which are utilized in 
the p>^er coating compositions of tte invention are prepared ty 
reacting a diqpoxide with a diisocyanate uxxier such corditions that low 
nolecular weight. epoxy-tenninated polyoxa^lidone resins are 
produced. Ihe dioxide which can be used in such a procedure can be 
one or more diglycidyl ethers haviig the general formula 



•k 

^0> 



• CH2 - CH - CH2 ~ o - R - 0 - CH2 - Oi - X 

in vMcfh R is an aromatic, alijihatic, cydoaliphatic or heterocyclic 
gro^. Preferred diepoxides are the diglycidyl ethers of non-fused 
p^lynuclear i^^enols such as ttose based on 2,2-bis(4-hydroxyFhenyl)- 
prqpane, i.e. bisphenol A. E^es of sucfh epoxides are tl»se 
available commercially un3er the trade names EPCN 828, EPCN 825 am I2ER 
331. other suitable diepoxides include tl^ diglycidyl ethers of 
polyglycols sud, as DER 736, the diglyci.^1 ethers of hydrogenated 
bisphenol A, such as DEH 151, and " the teterocydic i e 
hydantoii^-based, ^xides. These aid other suitable epoxides are 
fiolly described in U.S. Patent 4,066,628. 

such epoxides dfe reacted with diisccyanates of the general 

formula: 



R" - (Nao)2 
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in which R' is alkylene. substituted allcylene, arylene or substituted 
arylene, to form the polyoxazolidcne resin ccnponents of the 
compositions of the invention. Eanples of suitable diisocyanates 
include tolylene diisocyanates (TOI) such as 2,4-tolylene diisocyanate, 
and 2,6-tolylene diisocyanate; the methylene bis(phenyl isocyanates) 
(MDI) such as 4,4'-methylene bi8(phenyiisocyanate) ; aid dianisidine 
diisocyarate, toluidine diisocyanate, a-xylylene diisocyanate 

1.5- najShthylene diisocyanate. p-phenylene diisocyanate,' 
1.4-diethylbenzen»-beta, beta '-diisocyanate, heaoethylene diisocyanate 
(HMDl), isqjhorone diisocyanate (IEDI) and 4, 4 '-methylene 
bis(cycldhexyUsccyanate). Mirtures- of any two or more of such 
isocyanates can also be used, for eaa^ple mixtures of the 2,4- an3 

2.6- isQmers of tolylene diisocyanate aid mixtures of the 2,4'- airl 
4,4'- isaner of metlylene bis(jhenyl iaocyanate). 

Preferred diisocyanates are the tolylene diisocyanates (TDI), 
the methylene bisCphenyl isocyanates) (MDI) and hejomethylene 
diisocyanates (HMDI). other suitable diisocyanates are described more 
fully in U.S. Patents 4,066,628 aid 3,313.747. 

■niese diepaaddes and diisocyanates are reacted mder 
conditions which serve to produce an qx:«i-tenninated, folyoxazolidone 
of the foTDula: 



CH2— IT-R'-N— CH2 




C&-|-C3J2-O-R-0-CH2~CH— CH2 



n 



m which R aid R' are derived firom the diejxDxide and diisocyanate 
respectively, and have the meanings given above. Production of 
epoxj^-terminated. low molecular wei^t polyoxazolidones suitable for 
formulation into the powier coatirg oanpositions of the in\^ntion is 
dependent upon utilization of an«^s of diepoxide and diisocyanate 
reactants whidi provide a ratio of epoxide equivalents to isocyanate 
equivalents from 10:1 to 1.1:1. Mare preferably, the ratio of epoxide 
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equivalents to isccyanate equivalents is from 5:1 to 1.2:1, The 
molecular weight of the resulting polyoxazolidone will generally be 
relatively low, prcviding resins which have an epox-y equivalent weight 
from 250 to 4000, more preferably from 400 to 1000. 

The reaction conditions used to prepare the polyosazolidone 
resins from the particular amounts of diepoxides arri diisocyanates 
include the utilization of a condensation-tyoe catalyst. Such 
catalyst materials are those conventionally emplcyed for reactions of 
this type and include quaternary ammonium halides, lithium halides, 
tertiary amines, lithium halide-phosphonium oxide coqplexes, n-butoxy 
lithium, diallcyl zinc, organozinc chelate compounas, trialkyl aluminum 
and dibutyltin dilaurate. 

Quaternary ammonium halides, such as tetraethylammonium 
bromide, and tertiary amines are the preferred catalysts for 
polyoxazolidone ^production. The catalyst is advantageously enplqyed 
in "an amount from 0.01% to 1%, more preferably from 0.05% to 0.2%, 
based on the weicfit of the diepoxide ani diisocyanate. 

Reaction conditions for polyoxazolidone production may include 
the use of a solvent sudi as a lower alkanol or dimethylfonnamide 
(althou^ the use of a solvent is not essential), a reaction 
temperature from 70'C to 200»C and a reaction period from 0,01 to 6 
hours. More preferably, the polyoxazolidones are prepared by reacting 
the diqxaxide and diisocyanate at a tenperature from lOO'C to 180"C for 
a period from 1 to 3 hours. 

The resulting polyoxazolidone polymers can be formulated along 
with conventional adjuncts into pcw3er ooati:^ compositions. Ih this 
. respect, . _ the __ polyoxazolidones — have pi^ical an3 ciiemical 
characteristics whidi render them suitable for fonmilation into powder 
compositions. For exanple, such polyoxazolidone resins exhibit 
desirably higher glass transition tenperatures with acc^jtably low melt 
viscosities in comparison with conventional bisphenol A diglycidyl 
ether epoxy resins. Coatings formed from . powder compositions 
containing such polyoxazolidones also erfiibit inproved cathodic 
disbondment resistance in comparison with coatings formed from 
conventional epoxy resin based powder caroositions. The polyoxazoli- 
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done resins advantageously comprise from 70% to 99% iy weight of such 
powder coating ccnpositions. 

In formulating povder coating conpositions accordii^ to the 
invention, the polyoxazolidone resin can be combined with conventional 
coating ccnpDsiticn ccnponents such as curing agents, pigments and flow 
control agents* SucSi caoating compositions can also contain additional 
resin materials cc m pa t ible with the polyoxaaolidone- resins, for exanple 
"conventional" mono-, di- and polyepoxlde materials described in more 
detail below. 

Curing agents, vSiether of the coreactive. cross-linkirg, 
catalytic or accelerator type^ serve to enhance the cure of coatings 
prepared from the coating compositions of the invention aixi can include 
any of the wide variety of materials known to be useful for this 
purpose in epoxy resin-based coating compositiais. Such materials 
include, for example, polyamines, polyamides, polyaminoamides, 
polyi^ienols, polymeric thiols, polycarboxylic acids aixi anhydrides, 
polyols, imidazoles, tertiary amines and quaternary amnonium halides. 
Such curing agents are described in greater detail in U.S. Patents 
3,313,747 and 4, 066, 625, Preferred curing agents of the coreactive or 
cross-linking types include the polyamines, polyamides, polycarboxylic 
acids, polyphenols and dicyandiamide. Preferred curing agents of the 
catalytic/accelerator type include tertiary amines, quaternary ammonium 
halides and substituted or epoxy-modified imidazoles. Such curing 
agents can be indiaded in the powder coating ccapositions of the 
invention in amounts from 0.1% to 70% by weight of the composition. 
Curing ^ents of the coreactive/cross-linking type are preferably used 
in amounts from 5% to 70% by weight of the composition. Curii^ agents 
of the catalytic/accelerator type are preferably used in amounts from 
0.5% to 15% by weic^ of tte cc nnp osition. 

Flow cOTtrol agents can cptionally be incxarporated into the 
coatii^ compositions of the invention to aid in levellir^ the ^plied 
and thermoset coating, i.e. to help make the coating as snooth as or 
smoother than the surface of the substrate to "which the coating is 
apEslied. Numerous flew control agents are known in the art arxi are 
suitable for use in the compositions of the invention, including 
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silicxxie resins and oils. An e:caxnple of a oonnnerically obtainable 
flew control agent is the substance available under the trade name 
"Modaflo". Coating compositions of the invention can include from 0,5 
to 1.5 weight percent of such levelling agents based on the weight of 
resin solids. 

Another optional component of the coating ccnpositiCTis is a 
pigment material. One such preferred pigment is titanium dioxide, but 
any of the well laxjwn conventional pigmenting materials can be used, 
for exainple phthalocyanine blues ani greens; red, yellow, black aM 
brown iron oxides; chrome oxide green; and natural and synthetic 
silicas, isilicates and carbonates. Sufficient pigmentation is used to 
provide an cpaque or coloured coating as needed for the desired 
appearance. Pigments can be employed in amounts frcm 1% to 60% by 
wei^t of the conpositions. 

A highly^ pref ened optional ingredient of the powder coatir^ 
compositions is a conventional epoocy resin of the mcno-, di- or 
polyrooi^ide type krcsv-i to be useful in powder coating ccoEOsitions. 
Such nono-, di- and polyepoxides, for esanqple/ can have tte r^j^ types 
of oxazolidone-free organic backbones as described above with respect 
to the di epoxide reactant used to form the polyoxazolidone resins. 
Such conventional epoxy resins generally have an epoxy equivalency 
greater than 1 and an epoxide equivalent weight of from about 190 to 
5000. By utilizing a blend of polyoxazolidone resins and s\x± 
conventional epoxy resins, powier coating compositions having variable 
and controllable glass transition temperatures can be realized. 
Powder coating conpositions of the present invention preferably 
conprise from 1% to 80%, and more preferably from 10% to 50% by weight 
of the total epoxy c om ponent, of a mono-, di- or pDlyepoxide resin 
material whicfh is not of the polyoxazolidone type, along with from 20% 
to 99% by weight of the total epoxy component of the epoocy-tezmnated 
polyoxazzDlidone . 

The powder coating cocrositicns of the invention may be 
prepared by any process whic±i uniformly blerxis the composition 
conponents. Dry blend, semi-dry blend or melt blend procedures can be 
eir.ployed to give a uniform blend dispersion. The uniform blend 
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dispersion can then be pulverized to form the powder exiting 
coiposition. In a preferred procedure, the polyoxazolidone resin and 
other ingredients, such as conventional epoxy resin, curing agent, 
pigments and flow control agents, are dry blended in a mixer and then 
passed throu^ an extruder and melt mixed. The melt mixed blend is 
then cooled and pulverized in a suitable milling device to a desired 
particle size. Particles of the powder coating compositions will 
generally range in size up to 300 microns, more preferably from 100 to 
200 microns. 

The powder coating compositions of the invention can be 
applied to substrates ty any desired pcwder coatingis process, although 
fluidized bed sintering (FBS), electrostatic powder coatirg (EPC) and 
electrostatic fluidized bed (EEB) processes are preferred. The 
coating conpositions of the invention are especially well sxiited for 
the production of haaogenous, firmly adherent coatings on substrates 
through coating by the fluidized bed or electrostatic spray methods. 

In fluidized bed sintering (FBS) a preheated metal part is 
imcjer.isTi into the coaciaj powder of the invention, vitdA is kept 
suspended by a gentle flew of air. The grain size of the powder is 
generally from 100 to 200 microns. The powder is suspended by blowing 
air throu^ the porous botton of a container so that it assumes a 
fluidized state. Bie pieces to be coated are preheated to 250' to 
400'C and dipped into this fluidized bed. The immersion time of the 
material being coated depends on the thickness of the coating that is 
to be produced and amounts to 1 to 12 seconds. In general, the 
finished coating is prepared in a single procedinre in about 3 to 7 
seconds. 

In the electrostatic powder coating (EPC) process, the coating 
powder of the invention, which normally has a grain size of under 125 
microns, is blown ty cccpressed air ii±o an applicator where it is 
charged with a voltage of 30 to 100 kV ty a high-voltage direct 
current, and sprayed onto the surface of the material to be coated. 
Then it is baked on at a specific tenperature for a specific length of 
time in a suitable oven. The powder adheres to the cold work piece 
due to its charge because it loses its charge slowly on account of its 
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hi^ electxical resistance of approximately 10^3 to lO^'^ ohms 
centimeter. Alternatively, the electrostatically charged powder can 
be sprayed onto a heated surface or work piece sudi as a pipe aa3 
allowed to cure with the residual heat of the work piece or with 
addition of external heat. 

In the electrostatic fluidized bed (EFB) process, the two 
procedures are combined by mounting annular or partially annular 
electrodes over a fluidized bed containing the powder so as to produce 
the electrostatic aiarge of, for example, 50 to lOOkV. Plates teated 
above the sintering tenperature of the powder, for exanple 250* to 
400*C, are briefly dipped into the powder cloud without post-sintering, 
or cold or preheated plates are provided with a powder coating ty 
electrostatic methods and the coating is fused ty post-sintering at 
tenperatures specific for the powder. 

Numerous substances can be coated by these povgder coating 
methods with pcwder coinpDsitions of the invention, within the limits 
allowed by the fusing process or the heating time, as the case may 
be. The preferred subL:^:^ti?s are metals, but other materials sudi as 
glasses or ceramic articles or other heat resistance materials can be 
ocaated. 

The following Exanples illustrate the invention. 

BffiMELE I 

A flask was charges with 653 g EPGN 828 (3,4 eq. epoxide at 
192 WPE), 184 g ethanol (4.0 eq. = 230 ml) and 4 drops dibutyltin 
dilaurate (DBTDC) catalyst. 148 g toluene diisocyanate, TDI (1.7 eq. 
NOO) was^ then added slcwly and the tenperature held below 84**C. Then 
4.5 g of triethylene diamine, EADOO (0.4 moles) was added axxi the 
temperature raised to 157 **C while distilling off etlianol. The last of 
the ethanol was removed at 170 ''C under a vacuum. A total of 207 ml 
(approximately 90% of theoretical) of result irg polyoxazolidone product 
was obtained; this was discharged, cooled and pulverized. *Ihe WPE of 
the epoxy^terminated polyoxazolidone was 551.6. 
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EXAMPLE II 

A flask was cfharged with 265 g EPCN 825 (1.6 eq. epoxide at 
167 WPE), and 0.5 g tetraethylaiinnonium bromide and hsated to alxxit 
150'C and a vacuum applied to remove moisture from the system. Then 
87 g TDI (1.0 eq. NOD) was added and the temperature held at 
150-175 'C, Hie tenperature was maintained for about 3 hours after the 
addition was cxamplete, and a vacuum was then applied to de-gas the 
product. Ihe polyoxazolidone product was then discharged, cooled ard 
pulverized. The WPE of the epoxy-terminated polyoxazolidone resin was 
644. 



EXAMRLE III 

A flask was charged with 328 g EPCN 825 (1.96 eq, epoxide at 
167 WPE) ani 0.25 g tetraethylammonium bromide and heated to about 
150 °C, aixa a vacuum applied to remove moisture from the system. Then 
87 g 1331 (1 equivalent NOO) was added and the temperature held at 
150-170*C. At the end of the addition, the WPE of the product was 430 
(calculated WPE * 432). Twc : ;N-six g of bisphenol A (0.23 equivalents 
jiienolic CH) was added. After the exotherm subsided, the WPE of the 
polyoxazolidone product was 629 (calculated = 604). The product was 
de-gassed under vacuum, discharged and pulverized. The final WPE of 
the product was 639. 

EXA>!PLES IV - IX 
Powder coatings formulations using the ^xide-terminated 
polyoxazolidone resins of the type described in Examples II and III 
were prepared as follows: resins (both oxazolidone alone esc as blends 
with standard epoxides )# curing agents* accelerators, pigments and flew 
control agents were dry blended in a Welex intensive mixer. The 
blenied powders were then passed througpi an extrxxier and melt mixed, 
cooled ani pulverized in a condux mill to a suitable particle size 
(less than 200 microns), Ocmpositions of this type axe described in 
Table I along with similar conpositions prepared using a standard epoxy 
resin. 
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TABLE I 



Stanaard Curing 

yazolidone Itesinb Agents Accelerator<3 

(wt %) Tgny (wf%) 

IV Ex. II (67.2) 28.8 BiCy (3.3) 2 MI (0.6) 

V Be. II (58.2) 14.5 XEe062 (26.7) 2 MI (0.6) 

VI EX.III (67.6) 28.9 DiQr (2.9) 2 MI (0.6) 

VII Belli (60.3) 15.1 XDe062 (24.1) 2 Ml (0.5) 



VIII 
IX 

a. 



96.3 mcy (2.7) 2 MI (1.1) 

76.6 XD8062 (23.0) 2 MI (0.4) 



All sanples pigmented - wt % are based cn vehicle. 

b. EE3i663u {pcM Epoxy Resin) 

c. DiCy (dicyandiamide); XDe062 (Eow jiienolic type curing agent). 

d. 2 MI (2-met-''iyiiTiddazole) . 



The po«aer coatings of Examples IV - ix were tested ty 
Differential Scanning Calorimetry to detennine Glass Transition 
Tenperatures (Tg) both initial aa3 final and Delta H of cure. The 
pcwiers were also spr^ onto test panels (248 - 275»C) ani post cured 
for 5 minutes (232 - 275-C). ^e test panels were then evaluated fcr 
fiiysical prqperties such as impact resistance, ana cath=dic 
disbondment. Direct ii^act resistance neasuren^nts on the coatings 
were made in accordance with ASM stairiard test metlcd D-2794-69. 
Cathodic disbondment resistance measurement were made ly a procedure 
whereby a hole 3 to 6 m in diameter is made in the coatii^ to expose 
the metal. A potential of 1.5 volts vs. SCE is placed on the test 
panel and the panel is immersed in a 3% Naa solutioi at room 
temperature for 2(^30 days. After the test, the panel is reixved ani 
the coatii^ surrounding the hole is removed until no more loosely 
adhering material remains. rt^e radius of the coating removed is a 
measure of the degree of csthodic disboiriment; tl« smaller tl« radius, 
the better the coating. 
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TABLE II 



Ex. No. 


Direct 
Imoact 
(in/ite) 


UouMJCllC 

Disbondment 
(sm) 


Initial 

CC) 


Final 

Cc) 


Delta H 
(Cal/g) 


IV 


160f 


2 


78 


124 


18.7 


V 


16CH- 


3 


68 


113 


14.1 


VI 


160+ 


2 


70 


115 


19.8 


VII 


160 


2 


73 


U4 


11.8 


VIII 


160f 


6 


54 


100 


18.8 


IX 


160 


6 


52 


96 


14.5 



The data in Table II indicate that powder coatings of the 
invention exhibit higher Tg's and inproved cathodic disbondment 
resistance in conpariscn with conventional epoxy resin based coatings. 
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CLAIMS : 

1. A thermosetting polymer powder coating ccnpositicn in 
the form of particles having a size of qp to 300 microns, oonprising 

(A) an epoxy^tenninated polyoxazolidone resin vSiich is the 
reaction product of a diepoxide and a diisocyanate in 
which the ratio of epoxide equivalents to isocyanate 
equivalents provided ty the diepoxide ani diisocyanate 
reactants is from 10:1 to 1.1:1, the polyoxazolidcne 
resin having an epoxy equivalent weigfht from 250 to 
4000; and 

(B) a curing agent for the epoxy^tenninated polyoxazolidone 
resin, 

2. A ccnposition according to claim 1, vSierein cccmonent 
(A) is the reaction product of 

(i) a dioxide selected from diglycidyl ethers of 
non-fLTsed polynudear phenols, diglycidyl ethers of 
polyglyools, diglycic3yl ethers of hydrogenated 
bisphenol A ani hydantoinr-based epoxides; and 

(ii) a diisocyanate selected from alkyl, substituted aUcyl, 
aryl and substituted aryl diisocyanates, 

and v^ierein ccnponent (B) is selected from the groip consisting of 
polyamines, polyamides, aminoamides, polyphenols, polymeric thiols, 
polycarboxylic acids and anhydrides, poiyols, imidazoles, 
dicyandiaioide, tertiary amines and quaternary ammonium halides. 

3. A composition according to claim 1 or claim 2, wherein 
in con^xsnent (A), the ratio of epoxide equivalents to isocyanate 
equivalents is from 5:1 to 1.2:1. 



4. A ccnposition according to any one of claims 1 to 3, 
wherein component (A) has an epoxy equivalent weight from 400 to 1000. 
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5. A carposition according to any one of claims 1 to 4 
which also comprises (C) an oxazolidone-free. .ono-, di- or polyep^xide 
resm coirprisir^ an aromatic, aliphatic, cycloaliphatic or heterocyclic 
glycidyl ether. 

6. A conposition according to claim 5, wherein comnonent 
(C) is a diglycidyl ether o£ bisphenol A having an epoxy equi^ent 
weight from 190 to 5000. 

7. A conposition according to claim 5 or claim 6 
oonprising from 70 to 99% of component (A), from 0.1 to 70% of 
component (B) and from 1 to 80% of canponent (C), based on the weight 
of conponents (A) and (C). 

8. A coipasiticn according to any one of claims 1 to 7 
which also comprises a pigment and/or a flow control agent. 

9. A substrate bearing a coating of a cured conpositicn 
acoording to any one of ni^^im^ 1 to 8. 
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